We sought to assess continuity of care for elderly patients in Korea and to examine any association between continuity of care and health outcomes (hospitalization, emergency department visits, health care costs). This was a retrospective cohort study using the Korea National Health Insurance Claims Database. Elderly people, 65-84 yr of age, who were first diagnosed with diabetes mellitus (n=268,220), hypertension (n=858,927), asthma (n=129,550), or chronic obstructive pulmonary disease (COPD, n=131,512) in 2002 were followed up for four years, until 2006. The mean of the Continuity of Care Index was 0.735 for hypertension, 0.709 for diabetes mellitus, 0.700 for COPD, and 0.663 for asthma. As continuity of care increased, in all four diseases, the risks of hospitalization and emergency department visits decreased, as did health care costs. In the Korean health care system, elderly patients with greater continuity of care with health care providers had lower risks of hospital and emergency department use and lower health care costs. In conclusion, policy makers need to develop and try actively the program to improve the continuity of care in elderly patients with chronic diseases.
INTRODUCTION
Health care spending for the elderly population in Korea increas ed by 100% in 4 yr, from 5,109 billion Won in 2004 to 10,490 bil lion Won in 2008, and its proportion of total health insurance spending also rose, from 22 .9% in 2004 to 29.9% in 2008 (1) . El derly people, aged 65 yr and over, currently represent 9.6% (ap proximately 4.6 million) of total health insurance beneficiaries, but they are responsible for a quarter of total health insurance expenditures (1) . The elderly population is expected to grow faster over the next decades as the postKorean War baby boom ers begin to retire in large numbers. Thus, appropriate strate gies are urgently required to promote the efficient spending of health care budgets for elderly people.
Previous studies have reported that enhanced continuity of care prevented a sudden worsening in progress among chronic disease patients, and as a result was favorable for efficient spend ing of health care funds (2) . Continuity of care is not only a key factor in delivering good health care, but also an attribute em phasized in common in various definitions of primary care (3) . The implication is that a high level of continuity of primary care could have a positive impact on the process of care, outcomes, and costs (4) . Maintaining and enhancing continuity of care, pri mary health care in particular, has become an important goal of health care policy in many countries, and a number of stud ies on the association between continuity of care and health outcomes have been reported (5) (6) (7) (8) (9) (10) .
However, most studies were conducted in children or adults aged under 65 yr (5) (6) (7) (8) , not in elderly patients aged 65 and over (9, 10) . Even studies of elderly patients have focused little atten tion on the association between continuity of care and health outcomes (10) .
The aim of this study was to assess the continuity of outpatient service use by elderly patients in Korea and to examine any as sociation between the continuity of care and health outcomes (hospitalization, emergency department visits, health care costs) and ultimately provide useful information for health care policy makers.
MATERIALS AND METHODS

Study setting
Health care institutions under the Korea National Health Insur ance are classified according to the number of beds into clinics (fewer than 30 beds), hospitals (30-99 beds), and general hos pitals (more than 99 beds); all of these can provide outpatient DOI: 10.3346/jkms.2010. 25.9.1259 services. Under the current health care delivery system, patients can select any practitioner or any medical care institution. How ever, when a patient wants to receive medical care at a second ary hospital, called a specialized general hospital, the patient must present a referral slip issued from the doctor who saw the patient first. Specialized general hospitals are designated among general hospitals when they meet standards of teaching hospi tals and other requirements (number of specialized general hospitals in 2007=43) (11) . Exceptions to the referral system are in the case of childbirth, emergency medical care, dental care services, rehabilitation, family medicine services, and medical services for a patient with hemophilia, in which case any health care institution can be utilized without limitation (11) .
The health care delivery system in Korea is quite different from the managed care delivery system of the United States of America, in which a patient's selection of health care provider is regulated and restricted. Above all, because most clinical prac titioners in Korea are specialists, they do not perform the func tion of a primary care physician as seen in America. In Korea, 91% of clinical practitioners (28,733/31,578) were specialists, and 98% of clinics (25,168/25,789) were sole practices in the year 2006 (12) . In terms of outpatient services, clinics compete against other clinics, hospitals, and some general hospitals.
Study data
Study data were collected from the Korea National Health In surance Claims Database of the Health Insurance Review & As sessment Service, for the period 2002 to 2006. The International Classification of Disease, 10th edition (ICD 10) was used as the coding system for diagnosis.
As typical chronic diseases of elderly patients in Korea, dia betes mellitus (E1014), hypertension (I10), asthma (J4546), and chronic obstructive pulmonary disease (COPD, J41J44, J47), were selected. These four diseases have shown a sharp increase in the elderly population associated with population aging, pre sumably causing an increased burden of disease (1) . They are also included in ambulatory caresensitive conditions (ACSCs).
ACSCs are defined as those conditions for which the provi sion of timely and effective outpatient care, primary health care in particular, can help to reduce the risk of hospitalization (13) . This study followed the classifications by Shi et al., who classi fied ACSCs by conditions applicable to adults (13) .
The study dataset was constructed for each disease with in surance claims for patients whose disease was marked as a pri mary disease or a secondary disease, but not as a diagnosis by exclusion. When physicians complete the medical care cost state ment to make an insurance claim for care service provided to a patient, they are required to enter the diagnosis code for the pa tient in accordance with the Korean classification of diseases. The primary disease is written in the first column, and the sec ondary disease in the next. If two or more secondary diseases are diagnosed, they are written in order of importance. The pri mary disease refers to a disease for which the patient made the strongest demands for treatment or testing, and the secondary disease indicates a disease or diseases diagnosed together with the primary disease during the period of care. In this study, the first disease listed in the order of diagnosticcode entry was se lected as a primary disease, and the second disease as a second ary disease (14) .
Study subjects were followed for 4 yr, the first 3 for continuity of care and the last year for health outcomes (hospitalization, emergency department visits, health care costs). Although the same duration was applied to all study subjects, the dates of ac tual follow up periods could be different. For example, in the case of a patient who was first diagnosed on January 
Study population
The study subjects were recruited with the following criteria: 1) they were first diagnosed with diabetes mellitus (E1014), hy pertension (I10), asthma (J4546), or chronic obstructive pul monary disease (J41J44, J47) in 2002; 2) they were 65 to 84 yr of age at the end of 2002; and 3) they were not hospitalized, nor had they visited an emergency department or died during first 3 yr of the 4yr followup period. Additionally, because a mini mum of four ambulatory care visits was required for measuring continuity of care (15) , patients who made fewer than four am bulatory care visits during the first 3 yr were excluded. The ex clusion of patients who died or had hospitalizations or emer gency department visits during the first 3 yr of the 4yr follow up was intended to reveal causality between the independent vari able and the dependent variable. The restriction on the number of visits was intended to ensure the accuracy of diagnosis and to allow the calculation of the Continuity of Care (COC) Index in a structurally reasonable and meaningful manner (7, 8) . First diagnosed patients were defined as those who had no record for a diagnosis of the disease concerned between 1995, the year in which the Korea National Health Insurance Claims Database was constructed, and 2001, and then were first diagnosed with the disease in 2002.
Measures Independent variable: continuity of care index
Many tools are available to assess continuity of care (16) . In this study, continuity of care for elderly patients was quantified us ing the COC Index. The COC Index is a widely used measure that incorporates the idea that personal continuity of care is af fected by both the total number of providers and the total num ber of ambulatory care visits (6, 15) . The COC Index ranges from 0 to 1. If a patient concentrates all ambulatory care visits with the same provider, the index equals 1, whereas if visits are dis persed to all different providers, it becomes 0.
N=total number of ambulatory care visits nj=number of visits to provider j M=total number of providers To facilitate the analysis and description of the association between continuity of care and health outcomes, the COC level in this study was categorized into high, medium, and low ter tiles (5, 8) .
Dependent variables
Health outcomes, which were dependent variables in this study, consisted of data on hospitalization, emergency department visits, and health care costs. Hospitalization and emergency de partment visits were recorded as dichotomous variables, indi cating whether or not a patient had a hospital admission or an emergency visit due to the disease concerned during the last year of the 4yr follow up. If patients were hospitalized with the disease concerned as a primary disease or a secondary disease during the last year, they were regarded as having health out come events regardless of the number of hospitalizations (17) . This rule was also applied to emergency department visits.
Health care costs refer to the total amount claimed for care services extended to study subjects under the National Health Insurance (NHI) during the last year of the 4yr follow up. Health care costs included costs for procedures, therapies, and medica tions spent for the treatment of all diseases, including the disease concerned, but excluded noncovered costs under the NHI.
Covariates
Control variables were divided into demographic variables and disease severity variables. Demographic variables were gender (male, female), age (6569, 7074, 7559, 8084 yr), and type of insurance (health insurance, Medical Aid). Variables for disease severity were the number of ambulatory care visits, main attend ing medical institution, and comorbidities. The number of am bulatory care visits and the presence of comorbidities were in cluded here because both variables are associated with health care utilization behavior and disease severity and influence hos pitalization and emergency department visits (8) . Comorbid conditions for the four diseases were selected from relevant ref erences (17) (18) (19) (20) , and if patients were diagnosed with a comor bid condition at a health care institution during first 3 yr of the 4yr followup, they were classified as having a comorbidity. The selected comorbid conditions were:
• diabetes mellitus: hypertension (I1013), heart disease (I20 25), stroke (I6064), and renal disease (N1012,1519) (17);
• hypertension: heart disease (I2025), stroke (I6064), renal disease (N1012,1519), heart failure (I50), and diabetes mel litus (E1014) (18);
• asthma: obstructive pulmonary disease (J4044,47), pneu monia (J1018), cardiac dysrhythmias (I4749), hypertension (I1013), diabetes (E1014), and heart failure (I50) (19) ; and • chronic obstructive pulmonary disease: pneumonia (J1018), hypertension (I1013), diabetes (E1014), heart failure (I50), heart disease (I2025), pulmonary vascular disease (I2628), thoracic malignancies (C3034,C3739), renal disease (N10 12,1519), stroke (I6064), and gastrointestinal bleeding (K92) (20) . Main attending medical institutions were defined as the health care institutions that patients visited most often during the first 3 yr. These were classified into specialized general hospitals, gen eral hospitals, hospitals, clinics, and public health centers.
Statistical analyses
Continuity level was compared by demographic properties and disease severity using the ttest or ANOVA. Differences in hos pitalization, emergency department visits, and health care costs by patient characteristics were also examined using the ttest or ANOVA.
The association between continuity of care and health out comes (hospitalization, emergency department visits) was eval uated through a multiple logistic regression analysis. Factors af fecting continuity of care and the relationship between continu ity of care and health care costs were examined through a mul tiple regression analysis. Health care costs were logtransformed to consider the linearity of the regression model and the outli ers among the observational values. The SAS System (Version 8.1 for Microsoft Windows) was used as statistical software.
RESULTS
Through the selection procedures presented in Fig. 1 , 268,220 patients with diabetes mellitus, 858,927 patients with hyperten sion, 129,550 patients with asthma, and 131,512 patients with COPD were recruited as study subjects.
The characteristics of patients with diabetes, hypertension, asthma, and COPD are shown in Table 1 . In all four diseases, the majority of study subjects were female, and the mean age of pa tients was approximately 70 yr. The mean number of visits to providers during the followup period was 27.0 for diabetes mel litus, 24.1 for hypertension, 13.0 for asthma, and 10.8 for COPD. The mean number of providers was approximately two in all four diseases (2.6 for diabetes mellitus, 2.3 for hypertension, 2.3 for asthma, and 2.0 for COPD). Clinics were the main attending med ical institution used by the largest number of patients in all four diseases; in asthma and COPD, in particular, more than 70% of patients were using clinics. Health insurance beneficiaries rep resented approximately 90% of the total study subjects. The mean number of comorbidities was 2.1 for asthma, 1.7 for COPD, 1.2 for diabetes mellitus, and 0.9 for hypertension.
Continuity of care by patient characteristics is compared in Table 2 . The highest level of continuity among the four diseases was measured in hypertension (mean±SD of the COC Index, 0.735±0.260), followed by diabetes mellitus (0.709±0.263), COPD (0.700±0.294), and asthma (0.663±0.294). Generally, continuity of care was higher for male patients than for female patients, and the continuity tended to decrease as the age of the patients increased. The level of continuity kept rising up to 36 visits and declined thereafter. Patients whose main attending medical in stitutions were specialized general hospitals showed the high est level of continuity, whereas the continuity for patients using hospitals was the lowest. Health insurance beneficiaries showed a higher level of continuity than did Medical Aid recipients. As the number of comorbidities increased, continuity of care de creased. Fig. 2 indicates the level of continuity and the number of pa tients by the number of visits during the first 3 yr of the 4yr fol low up. The level of continuity increased up to 36 visits for all four diseases but drastically declined thereafter. Number of pa tients with diabetes mellitus and hypertension continued to in crease up to 36 visits and dwindled thereafter, whereas that of patients with asthma and COPD was highest at four visits and declined continuously thereafter.
Factors affecting continuity of care were analyzed for the four diseases using a multiple regression analysis (Table 3) . For dia betes mellitus, hypertension, and asthma, women showed a statistically significantly lower level of continuity than men. For COPD, however, women had a higher level of continuity than men. Age affected continuity of care differently. Compared to the 65-69 age group, the 70-74 and 75-79 age groups showed decreased continuity for hypertension and COPD, but increased continuity for asthma. Continuity did not differ with age for dia betes mellitus. The number of ambulatory care visits also influ enced continuity of care. Because continuity of care sharply de clined from 37 ambulatory care visits in all four diseases, ambu latory care visits were first divided according to those patients doing ≤36 and those doing 37+ visits, and then the ≤36 visits lev el was further divided into 4-12, 13-24, and 25-36 visits. Com pared to continuity for patients doing 4-12 visits, those doing 13-24 visits and 25-36 visits showed increased continuity for all four diseases. The 37+ visit category had lower continuity than the 4-12 visit category for diabetes mellitus and asthma (diabe tes mellitus: β=0.021, asthma: β=0.062). Although no negative relationship was found between continuity and number of am bulatory visits in hypertension and COPD, a less positive rela tionship was observed at 37+ visits than at 25-36 visits. Com pared to patients whose main attending medical institutions were hospitals, those who used other medical institutions, in cluding general hospitals and specialized general hospitals, showed enhanced continuity. For diabetes mellitus, hyperten sion, and COPD, Medical Aid recipients showed lower continu ity than did health insurance beneficiaries, whereas in asthma, The determination of final study subjects:
• Diabetes Mellitus: 268,220
• Hypertension: 858,927
• Asthma: 129,550
• COPD: 131,512
The exclusion of patients who died or had hospitalizations or emergency department visits during three years after the first diagnosis:
• The exclusion of patients who had less than 4 ambulatory care visits during 3 yr after the first diagnosis:
• the opposite results were shown. In all four diseases, the level of continuity decreased with the increasing number of comorbid ities.
In Table 4 , we examined differences in hospitalization, emer gency department visits, and health care costs by patient char acteristics. As the level of continuity decreased for all four dis eases, hospitalization, emergency department visits, and mean health care costs increased. Women showed a higher hospital ization rate than men for diabetes mellitus and hypertension, whereas men had higher rate of hospitalization and emergency department visits than women for asthma and COPD. The rate of hospitalization and emergency department visits increased with increasing age and increasing number of ambulatory care visits. Patients whose main attending medical institutions were hospitals, general hospitals, or specialized general hospitals showed a higher rate of hospitalization and emergency depart ment visits than those who used clinics and public health cen ters. For Medical Aid recipients and with increasing number of comorbidities, the rate of hospitalization and emergency depart ment visits increased. More average health care costs were spent for men, patients who made 37 or more ambulatory care visits, patients whose main attending medical institutions were spe cialized general hospitals, and Medical Aid recipients. Mean health care costs decreased as age increased, and increased as the number of comorbidities increased.
The association between continuity of care and health out comes, adjusted for confounders, is presented in Table 5 . Com pared to the high continuity group, in all four diseases, the low continuity group showed a higher risk of hospitalization (dia betes mellitus odds ratio [ continuity group also had higher risks of hospitalization and emergency department visits than did the high continuity group, but lower risks than the low continuity group. As continuity of care is an important attribute in primary care and clinics, and public health centers are important primary care providers in Korea, we made a separate analysis for patients whose main at tending medical institutions were clinics and public health cen ters (5) . As continuity of care decreased, risks of hospitalization and emergency department visits increased in this separate anal ysis as well. Table 6 shows the association between continuity of care and health care costs after adjusting for confounders. Compared to the high continuity group, in all four diseases, health care costs increased in both the medium continuity group and the low con tinuity group. Similar results were also obtained in a separate analysis for patients whose main attending medical institutions were clinics and public health centers.
DISCUSSION
Our study showed that the mean (±SD) of the COC Index for el derly patients was, in descending order, 0.735±0.260 for hyper tension, 0.709±0.263 for diabetes mellitus, 0.700±0.294 for COPD, and 0.663±0.294 for asthma. In a previous study, continuity over a year for Medicaid patients aged 064 yr in the United States was measured as 0.51 by the COC Index (6) . Another study by Magill and Senf found that the measure of continuity for family medicine outpatients at some university hospitals was approxi mately 0.41 (21) . The level of continuity in the study by Patten and Friberg was 0.21 (22) . These studies, however, differed from ours in terms of age and condition of the study subjects. Our study measured continuity for patients who were aged 65 yr and above, had selected chronic diseases (diabetes mellitus, hyper tension, asthma, or COPD), and used outpatient services. In pre vious studies, however, continuity was measured for patients of all age groups who used outpatient services with any kind of dis ease. According to Sloane and Egelhoff, continuity was lowest in patients under 19 yr and highest in patients over 54 yr (23) . Fleming et al. (24) and Godkin and Rice (25) reported that con tinuity varied according to condition, and it was higher for chron ic diseases than for acute diseases. Thus, no direct comparison between the results of this study and those of the previous stud An alyzed for patients whose main attending medical institutions were clinics and public health centers only. Adjusted for gender, age (65-69, 70-74, 75-79, 80-84 yr), the number of ambulatory care visits (4-12, 13-24, 25-36, 37+), main attending medical institution (clinic, public health center), insurance type (health insurance, Medical Aid), and the number of comorbidities (0, 1, 2, 3+). COPD, chronic obstructive pulmonary disease; ED, Emergency department visits; COC, continuity of care. ies is possible. Although a few other studies have addressed the association between continuity of care and health outcomes in elderly patients (9, 10), they also provided measures of continu ity for different diseases or with a different continuity index than did the current study. In this study, the level of continuity increased up to 36 visits and started to decrease thereafter. Thirtysix visits over 3 yr can be interpreted as one ambulatory care visit every month. As seen in Fig. 2 , for diabetes mellitus and hypertension, the highest num ber of patients and the highest level of continuity were all shown at 36 visits for 3 yr. In all four diseases, high continuity was main tained above a certain level at 4-36 ambulatory care visits. Most patients (diabetes mellitus, 78.3%; hypertension, 89.0%; asthma, 96.9%; COPD, 98.6%) made 4-36 ambulatory care visits. Conti nuity of care declined sharply from 37 ambulatory care visits. When we examined continuity of care using a multiple linear regression analysis for patients who made 37 or more ambula tory care visits, the level of continuity still decreased after adjust ing for comorbidities. This result implies that factors other than disease severity may be acting on the sharp decline; thus, fur ther studies are required to clarify those factors (26) .
When the study subjects were divided into Medical Aid re cipients and health insurance beneficiaries, in diabetes melli tus, hypertension, and COPD, Medical Aid recipients showed lower continuity than did health insurance beneficiaries. The Medical Aid program is a social security system in Korea, pro viding basic medical services to people with incomes below a lowincome threshold (11) . Medical Aid recipients belong to a socioeconomically lower class and have a higher probability for comorbidities (27) . Such characteristics of Medical Aid recip ients may have affected their lower continuity (27) . In addition, recipients of Medical Aid make only small or no outofpocket payments, and thus they can visit as many health care institu tions as they desire without financial burden. The continuity for Medical Aid recipients could decrease due to this financial rea son as well. In our analysis of factors affecting continuity of care using a multiple linear regression analysis, even after adjusting for disease severity including comorbidities, Medical Aid recip ients had a lower level of continuity than health insurance ben eficiaries. This result implies that other factors, not disease sever ity, might have been involved in creating differences in conti nuity between health insurance beneficiaries and Medical Aid recipients; thus, further studies are required to explore the rea sons (26) .
As for main attending medical institutions, the level of conti nuity was lowest for patients using hospitals. A previous study reported the same results, suggesting that the lower continuity of care in hospitals resulted from a relatively higher proportion of patients with comorbidities among hospital patients (26, 27) . In our study, however, even after adjusting for comorbidities, continuity of care in hospitals was still lowest; thus, further stud ies are necessary to clarify the reasons for the lower continuity of care in hospitals.
In this study, as continuity of care increased, the risks of hos pitalization and emergency department visits decreased in all four diseases. Similar results were obtained from the groups of health insurance beneficiaries and Medical Aid recipients (data not shown). Many previous studies have also reported that the increased continuity of care reduced the risk of hospitalization or emergency department visits (5) (6) (7) (8) .
The lowered risk of hospitalization can be explained in the following way. A patient undergoes complex procedures until a decision about hospitalization is made. Factors influencing the decision include the patient's current health condition(s), past illnesses, possible disease worsening, and adherence to ambu latory care recommendations. A physician who has a continu ing relationship with a patient will have more knowledge of these factors and will be able to make a better decision as to whether hospitalization is required or outpatient treatment is sufficient. Thus, a physician who has a continuous relationship with a pa tient is likely to reduce disease progression through appropriate disease management and reduce or prevent unnecessary hos pitalization. Thus, higher continuity of care lowers the risk of hospitalization (6) .
The result that patients with higher continuity also had a low er risk of emergency department visits can also be explained to some degree by the same reasoning. When a patient has seen a physician frequently, the patient would likely visit the physician first, instead of going directly to an emergency department. This is likely to reduce the risk of emergency department visits.
When the association between continuity of care and health care costs was examined, as continuity of care increased, health care costs decreased for all four diseases. Many previous stud ies have reported similar results, indicating that enhanced con tinuity can reduce hospitalizations and unnecessary visits to health care institutions (2, 9) . This study has some limitations. First, because we could not obtain data on diseasespecific costs paid for the study subjects during the last year, we used total costs instead. Furthermore, noncovered costs under the NHI were not included in health care costs. When Raddish et al. (2) divided health care costs into total cost and diseasespecific costs and examined the associa tion between continuity of care and both types of costs, they found that both costs decreased as continuity of care increased. They supposed that the patient with a high continuity of care for a disease would probably have high continuity for another dis ease, and health care costs would decrease accordingly. Thus, despite the lack of above cost data, it is still meaningful that this study used health care costs for all diseases to examine whether health care costs decreased as continuity of care increased (2, 9) . Second, this study was limited to those who were first diag nosed in 2002, had four or more ambulatory care visits, and nei ther died nor had a hospitalization or an emergency department visit during first 3 yr of the 4yr follow up. Such limitations in re cruiting study subjects may cause difficulties in generalizing study outcomes over all patients with the diseases concerned. However, the restriction on the number of visits was intended to ensure the accuracy of diagnosis and to allow the calculation of the COC Index in a structurally reasonable and meaningful manner (7, 8) . Previous studies also found that the COC Index became more stable, or less subject to significant change as a result of minor perturbations in care dispersion, as the number of visits increased (7, 8) . The exclusion of patients who had hos pitalizations or emergency department visits during the first 3 yr of the 4yr follow up may have led to a loss of information contained in raw data by not considering such hospitalizations or emergency department visits as outcome variables. Not con sidering continuity of care during the last year also may be an informationloss problem. Additionally, we only considered whether or not hospitalization or emergency department visits occurred during the last year regardless of the frequency; thus, we may not have seen the information contained in the raw data to evaluate the risk of hospitalization or emergency department visits (5) . However, the exclusion of patients who died or had hospitalizations or emergency department visits during the first 3 yr of the 4yr follow up was intended to reveal causality between the independent variable and the dependent variable (7). In the case of patients who died, it was not possible to identify whether the cause of their death was due to the disease concerned. Fur ther, patients who had hospitalizations and emergency depart ment visits represented only 1-2% of all study subjects.
Third, the analysis of disease severity in the study subjects with the adjustment for comorbidities may be insufficient. In an effort to minimize bias from other conditions, this study con fined its analysis to ambulatory care visits and health outcomes (hospitalization and emergency department visits) caused by the diseases concerned (17, 27) .
The fourth limitation of this study was the validity of diagno sis. Our study used the Korea National Health Insurance Claims Database, and the raw data were not prepared for research, but for insurance claims; thus, the validity of the diagnosis can be challenged. Kim, with the Korean Diabetes Association, obtained samples from patients who were diagnosed with diabetes mel litus from the Korea National Health Insurance Claims Database and investigated their medical records (28) . He found that the proportion of patients who were verified as diabetes patients was 87.2% among hospitalized patients and 72.3% among am bulatory care patients (28) . Given the problem of the validity of diagnosis, it is recommended that studies using administrative databases, such as the Korea National Health Insurance Claims Database, be used to limit study subjects to patients who used the outpatient service at least twice (29) . In our study, patients who had four or more ambulatory care visits during the study period were selected. Thus, the validity of diagnosis may be of little concern in our study.
Fifth, we could not consider all of the factors affecting conti nuity of care and health outcomes. Our study only used the char acteristics of patients that could be obtained from the Korea Na tional Health Insurance Claims Database. As a result, our anal ysis of factors affecting continuity of care or the association be tween continuity of care and health care costs had a low Rsquare value (26, 27) . Moreover, confounding variables were not fully considered when analyzing the association between continuity of care and the risk of hospitalization or emergency department visits. According to previous studies, continuity of care was af fected by the characteristics of the health care providers (physi cian's age and gender, generalist or specialist, the period of clinic operation, etc.) as well as the characteristics of patients (5, 27) . Health care satisfaction, the physician's understanding of pa tient's problems and the reliability of medical institutions were also shown to affect continuity of care (27) . To collect such in formation, further qualitative studies using questionnaires or interviews with patients and health care providers are necessary (26) . In previous studies, the kind of disability, insurance pre mium, and residence areas were also considered as confounding variables when analyzing the association between continuity of care and health outcomes (2, 5), whereas they were not consid ered in our study due to the limitation of our data. Such informa tion can be obtained from the health insurance eligibility data, and further studies linking the eligibility data are required.
Sixth, the unit of continuity measured in this study was a med ical institution, not a physician. The reason for defining a health care provider as a medical institution was because we could not identify the individual physician who provided health care ser vice to a patient from the information available in the Korea Na tional Health Insurance Claims Database. Our study, which mea sured continuity of care between medical institutions and pa tients, may be different from previous studies in other countries that explored continuity of care between individual physicians and patients (5) . In particular, differences may be found in defi nitions of continuity of care between clinics in which solo prac tices are prevalent and all kinds of hospitals in which many phy sicians are working. Additionally, medical institution based anal yses of continuity have a risk for exaggerating continuity of care at largescale hospitals with many physicians. The COC Index used in this study was originally used to measure relationship continuity between physicians and patients. Nevertheless, con sidering the continuity of information, it is also meaningful to measure the continuity between medical institutions and pa tients with the COC Index. Further studies with identified indi vidual physicians are necessary (5) .
Finally, this study considered cases of hospitalization or emer gency department visits with the disease concerned designated as a primary disease or a secondary disease in health insurance claims. These diseases, however, may act as a risk factor for wors ening or developing related diseases, which can also cause hos pitalization or emergency department visits to increase. Accord ingly, it is uncertain whether hospitalization or emergency de partment visits, which were dependent variables in this study, were measured fairly. Further studies need to address hospital ization or emergency department visits caused by related dis eases.
Despite these limitations, this study has some advantages. First, the study subjects were the total number of elderly patients in Korea who were first diagnosed with diabetes mellitus, hyper tension, asthma, or COPD in 2002. Second, the analysis was con ducted through a longterm follow up (4 yr). Many previous stud ies had limitations in proving causality because they were cross sectional studies using one or twoyear claim data and took no account of past diagnosis experiences before observation start ed (2, 7) . To address such limitations, this study followed patients, who were first diagnosed with the diseases concerned in 2002, for 4 yr. Third, this study is rare in that it confirms the association between continuity of care and health outcomes in the elderly population.
In conclusion, this study suggests that as health care utiliza tion by a patient becomes more concentrated with the same provider, the risk of hospitalization or emergency department visits decreases and health care costs are reduced. It also indi cates that increasing continuity of care may be a good strategy for promoting the efficient spending of health care budgets and enhancing the quality of health care for elderly patients in this aging society. Therefore, policy makers need to develop and try actively the program to improve the continuity of care in elderly patients with chronic diseases.
